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InkThree experiments were undertaken to establish the potential for forensic palynological analysis in cases of
suspected document fraud. The ﬁrst study tested 6 different types of paper and 9 different types of ink
(n = 54) and it was established that the best retainer of particulates (in this case a proxy was used in the
form of UV powder) wasmedium biro ink andWove and Connoisseur paper. It was found that for the different
paper types 42–52% of the particulates collected were found in the ink and thus both the paper and the ink are
potentially valuable sources of trace evidence in a forensic investigation. The second study sought to address
the differences in the spatial distribution of particulates on documents whenwriting took place before or after
the paper was treated with UV particulates. Ninety-six observations were made for each piece of paper tested
and it was found that when the writing took place after the particulates were applied to the paper; more par-
ticulates were retained on the paper in contrast to when the writing took place before the particulate treat-
ment. The spatial distribution of particulates was also affected, with particulates being retained in the folds
of the paper when the writing took place before particulate treatment in contrast to a more erratic pattern
that emerged due to the pressure of the hand of the writer when the writing took place after the particulate
treatment. The third study utilised lily (Lilium) pollen grains and the ﬁndings broadly concurred with the sec-
ond study. The main difference identiﬁed was when the writing took place before the particulates were ap-
plied; when UV powder was used the particulates were retained in the folds of the paper whereas this
patternwas not seen to the same degree when pollen grainswere used due to their ‘stickier’ nature. Envelopes
and the pen nibs were also found to be rich sources of pollen grains after the experiments were undertaken.
These studies have implications for the application of forensic palynology in cases of suspected document
fraud. Pollen grains may well be present, and their analysis has the potential to reveal not only the timing of
the generation of the document, but the spatial trends revealed indicate that it may well be possible to estab-
lish the sequence of signiﬁcant events for forensic reconstruction. As such forensic palynology is demonstrated
to have great potential in aiding forensic investigations, and is as yet an under-utilised form of trace evidence.
© 2013 Forensic Science Society. Published by Elsevier Ireland Ltd. All rights reserved.1. Introduction: pollen on paper and writing materials and their
implications for document fraud
Forensic palynology is a well established ﬁeld of enquiry and has
been demonstrated to provide particularly accurate and valuable
intelligence and evidence particularly at outdoor sites [1–5]. Less
work has been documented concerning the use of pollen in indoor
settings, and there is only one incident that has been documented
of the utilisation of pollen on documents in cases of suspected fraud
[6]. Here they present the work of Frei, who conducted palynological
analyses in the 1960s and 1970s. On one occasion Frei was able to ex-
pose the forgery of a document which had a June date but presented
traces of Cedar pollen stuck to the ink used to sign the document,
which only falls in winter [7,8].ic Sciences, 35 Tavistock Square,
037.
n).
Fig. 1. The template letter ‘E’ used to ensure the writing phase was the same for each
experimental run.
e Society. Published by Elsevier Ireland Ltd. All rights reserved.
376 R.M. Morgan et al. / Science and Justice 53 (2013) 375–384Questioned document analysis is widely practiced in criminal
investigations [9] but has generally focussed on either the paper
[10–13] or the ink [14,15]. There has been, to date, a lack of literature
that deals with the potential of trace evidence found on the document.
The rationale behind the series of experiments documented in this
paper was to investigate further the potential for the use of palynologyTable 1
The 54 experimental runs with different paper/ink combinations.
Combination paper/pen Ink covered in UV particulates
(measured in squares) n = 5
Parchment/Bic Fine Biro 213
Parchment/Bic Med Biro 323
Parchment/WHS Med Biro 253
Parchment/WHS ﬁne gel 249
Parchment/WHS needlepoint 227
Parchment/fountain 207
Parchment/Berol washable ink 159
Parchment/Pilot roller ball 230
Parchment/pencil 4H 161
Mean 224.67
Connoisseur/Bic Fine Biro 146
Connoisseur/Bic Med Biro 221
Connoisseur/WHS Med Biro 301
Connoisseur/WHS ﬁne gel 219
Connoisseur/WHS needlepoint 260
Connoisseur/fountain 291
Connoisseur/Berol washable ink 337
Connoisseur/Pilot roller ball 288
Connoisseur/pencil 4H 286
Mean 261.0
Wove/Bic Fine Biro 246
Wove/Bic Med Biro 382
Wove/WHS Med Biro 367
Wove/WHS ﬁne gel 359
Wove/WHS needlepoint 396
Wove/fountain 343
Wove/Berol washable ink 303
Wove/Pilot roller ball 302
Wove/pencil 4H 288
Mean 331.78
Laid/Bic Fine Biro 368
Laid/Bic Med Biro 395
Laid/WHS Med Biro 345
Laid/WHS ﬁne gel 249
Laid/WHS needlepoint 325
Laid/fountain 341
Laid/Berol washable ink 420
Laid/Pilot roller ball 313
Laid/Pencil 4H 288
Mean 338.22
Plain/Bic Fine Biro 326
Plain/Bic Med Biro 318
Plain/WHS Med Biro 374
Plain/WHS ﬁne gel 291
Plain/WHS needlepoint 253
Plain/fountain 191
Plain/Berol washable ink 263
Plain/Pilot roller ball 219
Plain/Pencil 4H 211
Mean 271.78
Hammered/Bic Fine Biro 279
Hammered/Bic Med Biro 275
Hammered/WHS Med Biro 254
Hammered/WHS ﬁne gel 290
Hammered/WHS needlepoint 166
Hammered/fountain 239
Hammered/Berol washable ink 237
Hammered/Pilot roller ball 253
Hammered/Pencil 4H 201
Mean 243.78in the detection of suspected document fraud by providing a useful
and accurate context for the interpretation of trace evidence analysis
in such cases of suspected document fraud. Presently, it has not been
established experimentally whether pollen (or other trace particulates)
will adhere to the paper and/or the ink of a document, nor has it been
established where pollen grains are most likely to adhere and overPaper covered in UV particulates
(measured in squares) n = 5
UV powder on the ink
(expressed as a percentage)
313 40.49
349 48.07
296 46.08
357 41.09
252 47.39
329 38.62
279 36.30
254 47.52
280 36.51
301.00 42.45
262 35.78
227 49.33
299 50.17
327 40.11
348 42.76
439 39.86
438 43.48
352 45.00
361 44.20
229.22 43.41
297 45.30
411 48.17
426 46.28
449 44.43
470 45.73
401 46.10
385 44.04
413 42.24
474 37.80
414.00 44.45
n/a n/a
n/a n/a
n/a n/a
n/a n/a
n/a n/a
n/a n/a
n/a n/a
n/a n/a
n/a n/a
n/a n/a
347 48.44
310 50.64
376 49.87
316 47.94
295 46.17
267 41.70
283 48.17
230 48.78
298 41.45
302.44 42.13
212 56.82
189 59.27
192 56.95
332 46.62
152 52.20
236 50.32
237 50.00
252 50.10
225 47.18
225.22 52.16
Fig. 3. Paper covered in UV particulates (measured in squares).
377R.M. Morgan et al. / Science and Justice 53 (2013) 375–384what time frame the pollen evidence is likely to be preserved. These ex-
periments need to be conducted in order that that such studies yield re-
sults suitable for courtroom presentation following peer review.
Experiments were designed (ﬁrstly using UV powder as a proxy
for pollen and then with pollen particulates) which sought to address
the following hypotheses:
• The persistence of particulates will vary according to the paper and
ink type— stickier ink and rougher paper surfaces will retain partic-
ulates best.
• There will be a distinctive spatial pattern of particulate distribution
on the paper.
• There will be a difference in the temporal and spatial trends of par-
ticulate retention on the paper which will depend uponwhether the
particulates are present before or after the paper is written upon.
• Pollen particulates will display similar behaviour to UV powder
particulates.
2. Experiment 1: analysis of different inks and paper types
2.1. Experimental design
This ﬁrst experiment was designed to test whether trace particu-
late evidence adhered preferentially to different types of inks or
paper. In this ﬁrst experiment, UV powder was used as a proxy for
pollen as the particulates are of a similar shape and size (5−25 μm)
to many pollen grains (see also Bull et al. [16] for a full justiﬁcation
of the suitability of UV powder). It also had the additional beneﬁt of
being visible under UV light, thus aiding the analysis of where partic-
ulates were adhering and in what quantities. The experiment was un-
dertaken in a clean laboratory which itself was divided into four
separate sections so that each step of the experiment (e.g. pollen ap-
plication, writing, photography, etc.) was done in a different place to
ensure that each phase of the experiment was carried out with the
minimum amount of contamination as possible.
A mixture was created of a 3:1 ratio of domestic plain ﬂour and UV
powder to ensure an even application of the powder onto the docu-
ment. This also ensured that sufﬁcient powder was present to be iden-
tiﬁed under UV light (following the method outlined in Bull et al. [16]
for a comparable study using UV powder on clothing). This mixture
was then applied in a lightly dusted manner to simulate the observed
distribution of pollen in gentle aeolian conditions. Therewere 9 differ-
ent types of ink used (standard bicﬁne biro, standard bicmediumbiro,
WHSmith ﬁne gel pen, WHSmith needlepoint, Parker fountain pen,
Berol washable ink pen, Pilot liquid ink rollerball and pencil (4H))
and 6 different types of paper that were tested (Connoisseur, Wove
conqueror, laid, linen, parchment, hammered-effect and plain paper)
and Fig. 1 shows the capital letter ‘E’ template that was used to ensure
the position of the writing was consistent for each experimental run.
For each of the six paper types a control experiment was undertakenFig. 2. Amount of ink present recovered from the different ink types.to establish background levels of UV ﬂuorescence and then 54 exper-
iments were then carried out for each paper type and ink type combi-
nation as Table 1 demonstrates.
For each experimental run digital images were captured in an
identical manner where a camera was clamped at 30 cm above the
paper and ink sample and illuminated with a UV light in dark condi-
tions. The digital images taken of each experiment were imported
into Coral Photo Paint 11. The images were graphically enhanced,
pixelated and then 5 sections of 32 × 7 pixels were counted on 5 spe-
ciﬁc points on the letter ‘E’ and 5 areas of the surrounding paper. The
location of the pixels analysed were the same for each experimental
run. The results are presented in Table 1.2.2. Results
It was not possible to undertake the analysis on the ‘laid’ paper
type (see Table 1) due to the pigmentation of the paper ﬁbres which
reacted to UV light to a signiﬁcant degree which did not enable the
UV powder to be distinguished. Hereafter, the results are presented
without reference to the experimental run utilising the ‘laid’ paper.
The greatest numbers of powder particulates were consistently
found on the medium biro ink (average of 303.8 and 309.8 for the
Bic and WHS biro inks respectively for all paper types (Fig. 2)). This
is due to the sticky nature of the biro ink, and the greater amount of
ink deposited on the paper in contrast to the ﬁne biro. Pencil appeared
to have the lowest retention of powder particulates (229.4).Wove and
Connoisseur papers retained the most powder particulates (414 and
339.2 particulates respectively) with the Hammered paper retaining
the least (225.2 particulates) (Fig. 3).
Table 1 and Fig. 4 demonstrate that the proportion of powder par-
ticulates found on the inks was consistently below 50% indicating that
the paper was generally retaining a slightly greater proportion of the
particulates in comparison to the ink. Hammered paper exhibited theFig. 4. The proportion of UV powder recovered from ink and paper for each paper type.
378 R.M. Morgan et al. / Science and Justice 53 (2013) 375–384greatest retention of particulates on ink (52%) whilst the plain paper
retained the least (42%).
In summary, of the different ink types, medium biro ink appeared
to retain the most UV powder particulates, whilst of the differentFig. 5. a) The spatial distribution of particulates on the front of the different types of paper (
spatial distribution of particulates on the back of the different types of paper (n = 5) whenpaper types, the Wove and Connoisseur papers retained the most UV
powder particulates. There appeared to be a slightly higher proportion
of particulates retained by the paper in comparison to the ink which
indicates that the paper is just as important as the ink when analysingn = 5) when writing was carried out before and after the powder was applied. b) The
writing was carried out before and after the powder was applied.
Fig. 5 (continued).
379R.M. Morgan et al. / Science and Justice 53 (2013) 375–384a document for the presence of particulates in a forensic and palyno-
logical investigation (attention is drawn to the similar results found
for pollen particulates in Section 4).
3. Experiment 2: analysis of different paper types under
different conditions
3.1. Experimental design
Experiments were set up to ascertain if there was a difference in
the retentive qualities of UV powder dependent upon whether theparticulates were present on the paper before or after writing oc-
curred. For each of the ﬁve paper types the retentive qualities were
assessed both before and after writing on the paper occurred. Each be-
fore and after experiment was repeated ﬁve times (n = 50). In the
ﬁrst experiment, the UV powder was applied to the paper after the
writing had taken place, in the second experiment the powderwas ap-
plied to the paper before the writing stage took place. These experi-
ments were run in the same way as experiment 1 except that after
the writing/powder application, the paper was folded and placed in
an envelope which was then sealed. The letters were then posted
and when delivered, the sheet of paper was then taken out of the
380 R.M. Morgan et al. / Science and Justice 53 (2013) 375–384envelope and digital images were taken. Pixel analysis was undertak-
en on three vertical transects (A, B and C) along the front and back of
the paper which were themselves divided into 16 equally spaced hor-
izontal transects. The experiments were repeated ﬁve times for each
paper type, and segments were analysed across each of the three ver-
tical transects at every point the horizontal and vertical transects
intersected. This generated 96 observations (48 front, and 48 back)
for each piece of paper tested.
3.2. Results
Fig. 5a and b illustrate the mean number of powder particulates
identiﬁed on each transect for each of the ﬁve paper types. Fig. 6
shows the difference in the mean number of particulates found on
each paper type for each experiment, broadly illustrating that the
front of each piece of paper had more powder present (with a mean
of 13.2 particulates at each sample point when the paper was written
on before the treatment, and 17.7 particulates when the paper was
written on after the treatment) in comparison to the back of the
paper (with a mean of 5.8 particulates at each sample point when
the paper was written on before the treatment, and 7.0 particulates
when the paper was written on after the treatment). It is also inter-
esting to note that there were on average more particulates retained
on both the front and back of the paper in the second experiment
where the writing took place after the powder was transferred. This
indicates that the paper is perhaps a more dominant factor in deter-
mining the powder retention than the ink.
For both the front and back of the paper, the three transects that
were analysed demonstrate a good degree of conformity. It is interesting
to note that for both the front and back, plain paper exhibited a greater
degree of variability between the three transects in comparison to theFig. 6. a. Amount of powder identiﬁed on the different paper types when writing oc-
curred before powder treatment; b. amount of powder identiﬁed on the different
paper types when writing occurred after powder treatment.other paper types and whilst the spatial distribution of UV powder on
the back of the paper was similar for both the experiment with thewrit-
ing before the UV powder was transferred and the writing after the UV
powder was transferred there was a much greater disparity between
these two experiments for the front of the paper (see Fig. 5a and b).
Fig. 7a and b provide graphs produced from the mean number of
UV particulates identiﬁed at each point of analysis to illustrate more
clearly the overall spatial distribution of particulates on the front
and back of the different types of paper for both experiments. It is in-
teresting to observe that for the ﬁrst experiment, the front of each
piece of paper appears to have the majority of the UV particulates
being retained in the folds of the paper. Fig. 8 illustrates the clear ac-
cumulation of particulates on the front of the paper in the two folds
and the corresponding twin peaks in the graph generated. In compar-
ison, the front of the paper exhibits a much more complex and erratic
pattern of powder retention when the writing took place after the
powder was transferred. This is exempliﬁed in Fig. 9 where an array
of shapes were visible that look like shadow images of the ‘E’s
drawn. This appears to be the result of these particulates undergoing
greater compression onto the paper under pressure from the side of
the hand of the writer during the writing process.
The back of the paper exhibits a different spatial distribution of par-
ticulates in comparison to the front of the paper for both experiments,
with a general increase in particulates down the paper proﬁle and the
majority of the particulates being found on the bottom third (approxi-
mately between segments 10 and 16). This part of the back of the
paper corresponds to the part that made contact with the front of the
paperwhen each sheet was folded and placed in an envelope. It is inter-
esting to note that UV particulates were found on the top two thirds of
each piece of paper when there was no direct contact made with a sur-
face that had powder present. This appears to indicate that human dis-
turbance in the form of the postal servicewas great enough to allow the
movement of particulates from the front of the paper, to the envelope,
and onto the back of the paper. It is also of note that the spatial distribu-
tion is very similar for the back of the paper for both the writing before
and writing after particulate transfer experiments.
3.3. Summary
1) A generalised trend was identiﬁed for the back of each paper type,
with the bottom third of the paper proﬁle consistently having the
highest concentration of UV powder particulates. This appeared to
be due to the folding of the paper which caused the back third of
the paper proﬁle coming into direct contact with the front of the
paper, initiating a secondary transfer of trace particulates.
2) In the ﬁrst experiment when the writing took place before the par-
ticulates were transferred, the front of each paper type displayed a
‘twin peak’ distribution which correlated with the folds on the piece
of paper.
3) In the ﬁrst experiment it was also noted that the top third of the
front of the paper proﬁle, consistently had a lower concentration
of particulates. This is thought to be due to the secondary transfer
from this section onto the back of the paper (see summary point 1).
The middle and bottom third retained a greater number of powder
particulates due to the folding of the paper as these two thirds
were compressed together which perhaps led to pressure which
compacted the particulates into the grooves of the paper.
4) In the second experiment where the writing took place after
the powder had been transferred, the front proﬁle of the different
paper type exhibited a more erratic spatial pattern. This was a due
to transfer taking place from the paper to the hand and then back
onto the paper during the course of writing.
5) In the second experiment, it was noticed that the nib of the biro
pen retained some of the trace particulates.
6) In both experiments, particulates were recovered from the enve-
lopes. None of the envelopes had any powder evident externally,
381R.M. Morgan et al. / Science and Justice 53 (2013) 375–384but particulates were consistently identiﬁed along the bottom
crease of the envelope, and particularly in the corners.
These ﬁndings have implications for the sampling protocol of docu-
ments where palynomorphs are of interest to a forensic investigation.
As has been highlighted above, the use of UV powder as a proxy for
pollen grains enables the establishment of correct experimentalFig. 7. a) Front of paper — writing before powder was applied and writing after powder wa
after powder was applied n = 15.procedures which can then be used for experiments that directly
use pollen particulates. Due to the lower natural concentrations of
pollen grains found in domestic dwellings in comparison to UV pow-
der particulates, these ﬁrst experiments enabled a rigorous and re-
producible experimental design to be established for subsequent
pollen grain experiments. This enabled the third set of experiments
to be carried out as detailed below.s applied (n = 15). b) Back of paper — writing before powder was applied and writing
Fig. 7 (continued).
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on documents
4.1. Methodology
This experiment followed the same methodology as experiment 2
(see Section 3) but with the use of pollen grainswhichwere applied to
the document before and after the writing process by gently tappingthe anthers of individual ﬂowers used in the experimental run. The
lily pollen grains (Lilium) were dried at 40 °C for 72 h to achieve stan-
dard moisture content prior to the experiments.
Two experiments were again undertaken on one paper type
(Connoisseur), the ﬁrst experiment (ﬁve runs) was undertaken
when the writing was applied to the paper before it experienced the
introduction of pollen and the second experiment (5 runs) when the
writing took place after the pollen had been transferred onto the
Fig. 8. Example of the inﬂuence of the folds at sections 6 and 12 in UV powder retention on the front of the Wove paper for the ﬁrst experiment where the writing took place before
the powder was transferred.
Fig. 9. Example of the more erratic spatial distribution of particulate on the front of the Wove paper for the second experiment where the writing took place after the powder was
transferred. The shadow ‘E’ can be seen.
Fig. 10. The mean number of pollen grains recovered from the front and back of the
paper (n = 5) when the pollen was applied before and after the writing took place.
383R.M. Morgan et al. / Science and Justice 53 (2013) 375–384paper. Each piece of paper was photographed and the analysis of the
digital pictures was undertaken on Coral Photo Paint 11, as previously
outlined, with 420 segments being analysed.
4.2. Results
Pollen particulates were found to adhere to both the front and
back of each piece of paper, with the majority of particulates being
found on the front of the paper (mean values of 489 grains when
the writing took place before the pollen was transferred and 396
when the writing took place after the pollen was transferred) in com-
parison to the back of the paper (129 and 135 grains respectively) as
presented in Fig. 10. These results are consistent with the ﬁndings
achieved using UV powder as presented in Section 3.2.
Fig. 11 presents the spatial distribution of pollen grains on the front
and back of the paper for both experiments. It is interesting to note
that the back of the paper followed a similar trend for pollen particu-
lates as that identiﬁed for the UV powder particulate experiments. In
general, the number of particulates identiﬁed on the paper increased
down the proﬁle for both experiments. The front of the paper, how-
ever, exhibited a slightly different trend when the writing process
occurred before the pollen was transferred to the paper. Whilst in
the UV powder experiments it was possible to identify twin peaks
that corresponded to the folds made in the paper (Fig. 5a entitled
‘Writing before UV powder treatment’), for the pollen particulates,
this trend was not evident (Fig. 11). Rather, the pollen appeared to
be more evenly spread down the proﬁle on all three transects (A, B
and C). It is likely that this is due to the stickier nature of the pollen
grains in comparison to the UV powderwhich enabled the pollen to ad-
here more ﬁrmly to the paper on the initial transfer and undergo lesssubsequent movements when the paper was folded. The spatial distri-
bution of the pollen on the front of the paper for the second experiment
wasmore erratic than the pattern identiﬁed in the ﬁrst experiment and
this concurs with the ﬁndings for UV powder whereby the pressure
exerted by the hand during the writing process effected a stronger ad-
herence to the paper in certain areas (see Fig. 9).
The inspection of the envelopes revealed that less pollen was
transferred from the paper in comparison to the amount of UV pow-
der transferred. This is also likely to be a consequence of the stickier
pollen adhering more strongly to the paper during the initial transfer.
The pollen was also found to be preserved in the biro nib in a similar
fashion to the UV powder during experiment 2.
Fig. 11. The spatial distribution of pollen on the front proﬁle (a and b) and back proﬁle (c and d) of paper (n = 5).
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These ﬁndings using pollen grains have signiﬁcant implications
for collection and interpretation phases of a forensic enquiry. The re-
sults from these experiments indicate that pollen and other trace par-
ticulate matter are highly likely to be preserved on both the paper
and the ink. It is most likely to be found on the front of a document
and the envelope in which a letter is placed is also a potentially prof-
itable source of trace evidence. The writing implement is also worthy
of consideration at the collection phase as it has been demonstrated
to retain particulates from the paper that it has written on.
5. Forensic implications
The results from these experiments indicate that:
• Paper and/or documents have the potential to retain a wealth of
pollen evidence which may indicate provenance or timings perti-
nent to the validity or otherwise of the document. This area merits
further investigation.
• Certain areas of the papermay yieldmore trace evidence than others
depending upon the degree of pressure and writing on the paper,
and whether the writing takes places before or after the pollen is
transferred. The act of pressure on the paper during writing has im-
plications for the persistence of pollen on documents.
• Envelopes and pen nibs may also be important retainers of trace
evidence.
It is therefore worthwhile ensuring that pertinent documents found
within a dwelling during the course of an investigation are collected ap-
propriately to enable palynological analyses of the documents. It may
well also be important when suspect letters are received through the
postal service to retain envelopes and to minimise the amount of con-
taminationwhen handling the letter.Whilst pollenmay not be retained
in every situation, these ﬁndings indicate that pollen and other trace
particulates do adhere to paper and ink under certain conditions and
it is therefore worthwhile taking the results of these experiments intoconsideration as it may yield informative samples during the course of
a forensic investigation which at present may well be overlooked.
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